Pinus taeda L. (loblolly pine) and Arabidopsis thaliana differ greatly in form, ecological niche, evolutionary history, and genome size. Arabidopsis is a small, herbaceous, annual dicotyledon, whereas pines are large, long-lived, coniferous forest trees. Such diverse plants might be expected to differ in a large number of functional genes. We have obtained and analyzed 59,797 expressed sequence tags (ESTs) from wood-forming tissues of loblolly pine and compared them to the gene sequences inferred from the complete sequence of the Arabidopsis genome. Approximately 50% of pine ESTs have no apparent homologs in Arabidopsis or any other angiosperm in public databases. When evaluated by using contigs containing long, high-quality sequences, we find a higher level of apparent homology between the inferred genes of these two species. For those contigs 1,100 bp or longer, Ϸ90% have an apparent Arabidopsis homolog (E value < 10 ؊10 ). Pines and Arabidopsis last shared a common ancestor Ϸ300 million years ago. Few genes would be expected to retain high sequence similarity for this time if they did not have essential functions. These observations suggest substantial conservation of gene sequence in seed plants.
A ll higher vascular plants are likely to be derived from a small, leafless, rootless ancestor Ϸ420 million years ago (Mya) during the Silurian (1). Gymnosperms and angiosperms are the two major taxa of seed plants, distinct since the end of the Carboniferous, Ϸ300 Mya (2). Angiosperms comprise the overwhelming diversity of woody and herbaceous plants with Ϸ250,000 species (3). Angiosperms include our major food crops and dominate many critical and diverse ecosystems such as our tropical forests. Extant gymnosperms represent a monophyletic clade and a sister lineage to the angiosperms (2) (3) (4) . Gymnosperms dominate many temperate terrestrial ecosystems but include only Ϸ700-1,000 extant species. All known gymnosperms are woody plants.
Gymnosperms generally have significantly larger haploid DNA contents than angiosperms. The modal value for gymnosperms is 15,480 Mbp (5) compared with 588 Mbp for angiosperms. The haploid DNA content estimate of loblolly pine, a woody gymnosperm, is 20,000 Mbp (6), which is 160 times larger than the 125-Mbp genome of Arabidopsis thaliana (7) and 47 times larger than the rice genome (430 Mbp) (8, 9) . The large size of the pine genome is not likely to be due to recent polyploidy. All pines have 12 chromosomes, and there is a narrow range of variation in the basic chromosome number (from 11 to 13) within the Pinaceae (10) .
The significant differences in genome size, phenotypic diversity, and genetic distance raise the question of the extent to which gymnosperms and angiosperms share the same genes. A high level of gene sharing would suggest that gene function in plants and the great diversity observed in higher vascular plants evolves primarily through differential regulation of similar gene sets rather than through the evolution of new, function-specific genes. Strategies of genetic engineering often depend on functional homology of heterologous genes across taxa or on the presence of genes specific to taxa, for example, where pesticide or herbicide specificity is desired.
A major unresolved question in the evolution of higher plants is the extent to which they share a common functional genome. The past 400 million years provided many opportunities for the evolution of specific gene differences through gene loss, horizontal gene transfer, or rapid rates of sequence divergence within a lineage. For example, Allen (11) recently compared predicted gene content in three crop species, tomato, soybean, and medicago, with that of Arabidopsis. He found that 9.5%, 14.5%, and 13.3% of the crop EST contigs, respectively, failed to hit an Arabidopsis homolog (E-value cutoff of 10 Ϫ3 ) and argued for gene loss as the most likely mechanism for this variation. More genomic and EST sequence, obtained from different angiosperms and gymnosperms, is needed to determine the extent and mechanisms of gene evolution in higher plants.
To contribute to this discussion, we compared a large number of expressed gene sequences from wood-forming tissues of loblolly pine with the inferred gene sequences of A. thaliana. This comparison allows us to examine sequence divergence over 300 million years, which is approximately three-fourths of the time since the emergence of the first higher plants. We generated and analyzed a total of 59,797 loblolly pine ESTs of high sequence quality (12, 13) from six partial cDNA libraries prepared from differentiating xylem harvested from trees of different ages and under different environmental conditions. We extended our results from previous studies (14, 15) by comparing these ESTs to the complete set of predicted expressed gene sequences from Arabidopsis (7) . Such a comparison should highlight the differences in genes involved in wood or secondary cell-wall formation between an herbaceous angiosperm and a woody gymnosperm. We find a high degree of apparent sequence homology for loblolly pine cDNAs, particularly where sufficient length of high-quality sequence has been obtained.
Materials and Methods
cDNA Libraries. Six nonnormalized partial cDNA libraries were constructed from six different differentiating xylem tissues of loblolly pine. Xylem-forming tissues were harvested by using either a vegetable peeler (for primary xylem) or a block plane (for lignifying secondary xylem), frozen in liquid nitrogen in the field, and stored at Ϫ80°C until needed for mRNA isolation (14) . The six types of tissues were (i) primary mature xylem from a 35-year-old tree harvested in the spring (normal mature wood library NXNV); (ii and iii) primary juvenile xylem from the side and underside of the bent segment of three 6-year-old trees of different genotypes inclined at a 45°angle for 40 days (side wood library NXSI and compression wood library NXCI); (iv) lignifying secondary transitional xylem from a 10-year-old tree (wood planings library NXPV); (v) normal primary xylem collected late in the summer from a transitional area below the crown of a 20-year-old tree (late wood library NXLV); and (vi) normal primary xylem harvested from the root wood of a 12-year-old tree (root wood library NXRV).
For all six libraries, total RNA was extracted from 2-3 g of tissue (16) and evaluated on 2% agarose gels. mRNA was isolated from total RNA by using either the Promega Polyattract system IV kit (NXSI and NXCI) or the Stratagene poly(A) Quik mRNA isolation kit (NXNV, NXLV, NXRV, and NXPV). Each library was constructed by using 5 g of mRNA and the ZAP-cDNA synthesis kit (Stratagene) to generate the cDNA, which was fractionated by using Size-Sep 400 spin columns (Amersham Pharmacia) to remove cDNAs Ͻ400 bp in size. The purified cDNA was unidirectionally cloned into the EcoRI site of the Uni-ZAP XR vector (Stratagene) and packaged by using Gigapack III Gold (Stratagene). pBluescript or pTriplEx (NXLV) plasmids containing cDNA inserts were mass-excised from the Uni-Zap XR vector by using Ex-Assist helper phage (Stratagene) and propagated in Escherichia coli strain XL1Blue or BM25.8 (NXLV). For more information on these libraries, see http:͞͞pinetree.ccgb.umn.edu. DNA Sequencing. Plasmid-containing colonies were picked into 1.3 ml of Magnificent broth (McConnell Research, San Diego) containing ampicillin (0.1 mg͞ml) and grown for 20 h at 37°C with shaking in deep 96-well blocks. Plasmids were purified from cells by using R.E.A.L. kits (Qiagen, Valencia, CA) and evaluated on 0.8% agarose gels. Plasmids were sequenced from the 5Ј end of the cDNA insert by using the 5Ј-Tripl primer (pTriplEx) or T3 (pBluescript) and dRhodamine͞BigDye terminator chemistry (Applied Biosystems) according to manufacturer instructions. Sequencing reactions were purified by using the Millipore multiscreen system and Sephadex G-50 Fine Fine (Sigma) and run on either ABI377XL-96 slab gel sequencers for 6-7 h (36͞48 cm well to read distance) by using 5% GenePage Plus (Amresco, Euclid, OH) or ABI3700 capillary sequencers for 4 h by using POP-6. For the ABI377XL-96, samples were loaded with membrane combs (Gel Company, San Francisco).
Sequence Processing. ABI sequencing trace files were submitted to the University of Minnesota Center for Computational Genomics and Bioinformatics for batch processing. Raw sequence files were produced from the trace files by using the PHRED base-calling program (12, 13) with a PHRED quality threshold of 8. Bases with a PHRED quality score of Ͻ8 were converted to ''N.'' Vector and linker sequences were trimmed from each raw sequence. The subsequent quality checks on the remaining sequence were (i) determining the number of unknown or N base calls in a sequence and trimming leading and trailing high-N sections to obtain the best subsequence where the N content is Յ4%, and (ii) using an artifact filter to remove remaining E. coli, or vector sequences. The ''usable'' sequences (at least 100 bp of high-quality sequence) from all six libraries were clustered into contigs based on sequence overlap by using PHRAP (17) to generate a xylogenesis UniGene set of all resulting contigs and singlets. The PHRAP settings for generating the contigs were (i) a minimum length of matching word required to nucleate SWAT comparison of 50 bp, (ii) a minimum alignment score of 100, and (iii) a minimum base pair size of individual assembled sequences of 100. The contig sequences, images of the contig assemblies, and the BLAST targets for the entire contig set are at http:͞͞pinetree.ccgb.umn.edu. All ESTs used in this study were deposited into GenBank. All EST contigs and singlets were also compared with the entire GenBank nonredundant peptide sequence database (ftp:͞͞ftp.ncbi.nih.gov͞blast͞db). Sequences with high similarity to potential sources of contamination (bacterial or phage origin) were reanalyzed by using BLASTN (default parameters) for confirmation at the nucleotide level. The loblolly pine xylogenesis UniGene set was compared with the A. thaliana nuclear, chloroplast, and mitochondrial predicted gene sequences (ftp:͞͞ftpmips.gsf.de͞cress͞arabiprot-release07͞26͞ 2002) by using BLASTX (default parameters) (18) . ORFs were identified by using DIOGENES (ref. 19 and www.cbc.umn.edu͞ diogenes), which is designed to identify ORFs in short sequences, based on organism-specific training sets.
Results

Establishment and Analysis of the Loblolly Pine Xylogenesis UniGene
Set. ESTs (59,797) with at least 100 bp of high-quality sequence from six nonnormalized partial cDNA libraries were assembled, by using PHRAP, into a xylogenesis UniGene set of contigs and singlets totaling 20,377 ( Table 1 ). The woody tissues used for these libraries differ in age, location in the tree, tissue source, season of collection, and extent of mechanical stress. The individual trees sampled represent seven different normal genotypes. Contigs and singlets were classified according to the level of similarity (BLASTX E value) to A. thaliana. The term ''similarity'' is used for sequence matches and ''homology'' for a relationship by descent. Convergent evolution of protein sequence is rare; therefore high BLASTX similarity scores infer but do not prove relationship by descent. Our analysis primarily is based on BLASTX E values, which estimate the probability of sequence similarity due to chance. E values provide statistical support for inferences of sequence similarity based on identity and similarity of amino acids and the length of sequences that contain similarity. Thus, a pair of long sequences with a low percentage of amino acid identity and a pair of short sequences with a high percentage of amino acid identity can have similar E values. For the loblolly pine xylogenesis UniGene set, 50% of the sequences showed a significant sequence similarity to Arabidopsis at a BLASTX E value of 10
Ϫ5
, with 56% of the contigs and 38% of the singlets having ''hits.'' Many Loblolly Pine Sequences Lack Similarity to A. thaliana. Approximately 50% of the total number of contigs and singlets in our xylogenesis UniGene set show no apparent homologs in Arabidopsis even at the moderate E-value cutoff of 10 Ϫ5 . Searching all of GenBank for additional homologs in different species at this E-value cutoff does not decrease the percentage of ''no hits'' by Ͼ2%. These no-hit sequences could include genes unique to pines, conifers, gymnosperms, or woody plants as well as homologs that are unrecognized because of the limitations of EST analysis. Alternatively, many of these no-hit sequences may simply represent unrecognized contaminants from (i) loblolly pine genomic DNA, (ii) DNA from other microbes or organisms not well represented in genome databases, or (iii) a variety of transcriptional artifacts (20, 21) particularly relevant to singlets, which include alternative splice variants, unspliced͞incorrectly spliced mRNA fragments, and transcription initiation from multiple 3Ј-poly(A) tracts common to the same gene.
Pine Retrotransposon Sequences and ESTs. Some no-hit ESTs might be due to loblolly pine nuclear DNA contamination in our cDNAs. We searched our ESTs for a pine retrotransposon sequence family called IFG (22) , named after the Institute of Forest Genetics (Placerville, CA). IFG accounts for Ϸ1% of the total pine DNA. None of these ESTs, selected from the loblolly pine xylogenesis libraries, contain the IFG sequence. Six clones of IFG were identified in loblolly pine partial cDNA libraries from loblolly pine shoot tips and pollen cones used in previous studies (15) . If our no-hit category of ESTs, representing a total of 10,250 clones, were due to loblolly pine nuclear DNA, then based on the amount of IFG in total pine DNA we would expect Ϸ100 IFG clones. We found none, indicating that our xylogenesis UniGene set is essentially clear of contamination from loblolly pine nuclear DNA.
Functional Categories of Loblolly Pine ESTs. Sequences with significant similarity (BLASTX E value Ͻ 10
) to the A. thaliana genome were assigned cellular functional categories based on the annotation of the Arabidopsis Genome Initiative (7) generated by the Munich Information Center for Protein Sequences. This comparison provides a general overview of the cellular functional categories for genes expressed during xylogenesis. Arabidopsis is a useful common standard, although the current annotation is limited (23), because Arabidopsis is the plant with the genome that has been sequenced most completely.
Of the 20,377 total contigs and singlets in our UniGene set, 49.7% have a predicted BLASTX homolog at E Ͻ 10
. The diversity of loblolly pine sequences is high, and the relative frequency of inferred genes in each category for loblolly pine is similar to the spectrum of inferred genes for Arabidopsis (Fig. 1) . A relatively smaller fraction of pine ESTs is assigned to transcription and cellular communication, but relatively more are assigned to protein synthesis and targeting. Few of our loblolly pine xylogenesis ESTs are assigned to photosynthesis (as expected for xylem-forming tissues).
Properties of Contigs as a Function of Length. Contig consensus sequences are more informative than singlets, because their construction from multiple, overlapping ESTs increases both the quality and length of the sequence. Consequently, the sequence is more accurate, and the longer contigs usually contain more, and often complete, coding sequence. Analyzing contigs rather than singlets also minimizes the deleterious effect of transcriptional artifacts. We surveyed our contigs for ORFs using DIO-GENES and for full-length coding sequences using BLASTX (Table  2 ) to analyze contig properties as a function of sequence length.
Apparent Homology of Contigs Increases with Increased Sequence
Length and Quality. No-hit contig sequences could be short segments of genes that would be recognized as homologs if more sequence were available. These segments could be from 3Ј or 5Ј ends or regions of proteins sufficiently diverged to escape our screening criteria for similarity. Therefore, we examined the relationship of homolog identification as a function of length of contigs composed of high-quality sequence (Fig. 2) . Above 900 bases, 92% of the contigs show homology to A. thaliana by using a BLASTX E-value cutoff of 10
Ϫ5
. A similar proportion (93%) is reached for sequences above 1,300 bases by using a far more stringent BLASTX E-value cutoff of 10
Ϫ30
. If we select contigs predicted by DIOGENES to contain ORFs, we find a very similar distribution (data not shown).
Although the number of contigs in the length range above 900 The proportion of Arabidopsis genes in each functional category is relative to the 12,922 total predicted genes that were assigned by the Arabidopsis Genome Initiative (7) to 1 of 12 major categories. The proportion of predicted loblolly pine genes in each functional category is relative to the total number of contigs and singlets (xylogenesis UniGene set) for which homology was found to an Arabidopsis gene (BLASTX E value Ͻ 10 Ϫ5 ) that was assigned to at least one functional category. bases represents a relatively small fraction (843 contigs) of the total number of contigs in our xylogenesis UniGene set (8,070 contigs) (Table 2) , there is a clear trend toward higher sequence similarity with predicted A. thaliana genes as contig length increases. Many proteins have hydrophobic cores, which tend to be more conserved across major taxa than the N-and C-terminal regions (24) . If untranslated regions (UTRs) and 5Ј and 3Ј ends of protein-coding sequences are less conserved relative to the middle of the sequences, the longer sequences are simply more likely to extend into regions of recognizable similarity. DIOGENES could identify no ORF for more than half of the contigs in the size range of 100-201 bases as well as for a significant proportion (Ͼ30%) of the contigs with Ͻ500 bases (Table 2) .
Is There Bias Resulting from the Preference to Clone-Abundant Sequences?
The relationship of similarity and sequence length could be biased toward the longer sequences if more-abundantly expressed genes are more highly conserved in plants. Contigs should represent the more-abundant sequences, and singlets should represent the less-abundant ones. We have compared the relationship of sequence length and Arabidopsis similarity for both singlets and contigs with identifiable ORFs. If abundant sequences are more conserved, and therefore sequence similarity to Arabidopsis more readily identified, we should see a difference in the distribution of singlets showing similarity to Arabidopsis as a function of length compared with contigs when both are selected only for those that have ORFs. We find little difference in the two distributions (Fig. 3) . Our results for singlets extend up to a length of 600 bp, which is our practical limit for PHRED 20 quality single-sequence reads on both the ABI377 and ABI3700. There is a small (0.06) difference in the proportions for the 501-to 600-length class (significant at a P ϭ 0.01 level by using a two-sided t test), supporting our conclusion that there is little bias toward conservation as length increases.
Estimation of Length and Location of UTRs for the Loblolly Pine
Xylogenesis UniGene Set. There are no estimates of the length of 5Ј or 3Ј UTRs for a significant number of genes from any gymnosperm. UTRs are known to play important regulatory roles in posttranscriptional processing of mRNAs (25) . We selected 751 contigs that have both very high similarity (BLASTX E value Ͻ 10
Ϫ30
) to Arabidopsis and where each contig extends over the entire length of the Arabidopsis homolog. The shortest contig was a 60S ribosomal L38-like protein (207 bp in Arabidopsis), and the longest contig was a subtilisin-like serine protease ARA 12 (2,271 bp in Arabidopsis). We estimated the length of 5Ј UTRs by determining the number of base pairs between the 5Ј end of the contig and the predicted AUG start codon common to both Arabidopsis and loblolly pine. This approximation of the average length of 5Ј UTRs in loblolly pine is 132 bp (median ϭ 106), with the largest region being 1,490 bp (contig 8,061). A similar approximation can be made for 3Ј ends based on the inferred C terminus (the amber, ochre, or opal stop codon). The approximation of the average length of 3Ј UTRs is 256 bp (median ϭ 254), with a maximum of 696 bp (contig 7,670). This method provides a minimum estimate, because many contigs may not be complete. Corresponding loblolly pine transcript and genomic sequences for these contigs are needed to better define the 5Ј and 3Ј UTRs (26) . Fig. 2 . Proportion of P. taeda (loblolly pine) contigs with no homology to A. thaliana predicted gene sequences (y axis) relative to the contig length category (x axis). Four BLASTX E-value thresholds (Ͼ10 Ϫ30 , Ͼ10 Ϫ20 , Ͼ10 Ϫ10 , and Ͼ10 Ϫ5 ) were used to indicate no homology (z axis). 
Sequence Similarity Is Typically Distributed over the Length of the
Contigs.
It is important to know how similarity is distributed within the loblolly pine contig sequences. Similarity could reside only in limited, conserved domains, but it could also be distributed across the entire expressed sequence. When similarity extends over a large fraction of an expressed gene, functional conservation is more likely. We have used a ''gene-scan'' method where we divide a sequence into regions of 50 bp and scan the sequence from the 5Ј end, looking at the cumulative BLASTX scores for 50-bp intervals (e.g., for the first 50 bp, then the first 100 bp, the first 150 bp, etc., through the entire sequence) to determine how the similarity is distributed. Typically, a scan of a contig consensus sequence shows a lag followed by an upward slope followed by a plateau (Fig. 4) . The sequence alignments from the BLASTX reports reveal that the inflection points (see arrows) are close to the junctions of the putative 5Ј and 3Ј UTRs, and the upward slope represents regions of similarity extending over the length of the inferred gene sequence. Most contigs show a similar pattern, although slopes differ, suggesting different times since divergence of ancient paralogs or different rates of sequence evolution. Two-thirds of the loblolly pine contigs spanning the full coding sequence have regions of very high similarity (BLASTX E value Ͻ 10
Ϫ30
) extending over 90% of the sequence (Table 3) . Almost all (98%) of these contigs have very high similarity over Ͼ50% of the inferred coding sequence. Regions of similarity are not restricted to one or two short domains but are typically distributed over a long stretch of the coding sequence. ) to other entries in GenBank. For example, a cytochrome P450 (loblolly pine contig 7,997) has a homolog in tobacco but not in Arabidopsis. Similarly, two contigs have very high homology to chitinases found in a mollusk, the cone shell (Conus tulipa L.). Sixty-six contigs have been found only in pine or spruce. Eleven sequences are found in both monocots and other dicots, whereas 18 are found only in monocots and 6 only in dicots. Thirteen are found in animals, 4 in fungi, and 10 in bacteria.
These contigs are biased toward specific categories of sequences. Twenty-eight contigs are found for arabinogalactanlike proteins, known to be highly diverse in sequence but with specific protein (27) (28) (29) . Twenty-one contigs are homologous to proteins induced by abscisic acid, or water stress. Five are late embryo-abundant proteins of conifers. Six resemble leucine-rich repeat sequences found in disease-resistance genes. Seventeen are hypothetical proteins in a diversity of organisms.
Discussion
Our results support the use of Arabidopsis for comparative genomics not only for angiosperms but for gymnosperms as well. The major question we address is the relationship of the expressed genes in different vascular plant genomes using loblolly pine and Arabidopsis as representatives of the two major taxa of seed plants. Allen (11) compared ESTs from three dicotyledon crop species to Arabidopsis and found that Ϸ10% of expressed genes failed to hit homologs in Arabidopsis. Gymnosperms and angiosperms diverged Ϸ300 Mya, and the major division of the angiosperms into monocotyledons and dicotyledons occurred Ϸ200 Mya (30) . The divergence of the lineages of tomato (Solanales) from Arabidopsis (Brassicales) is estimated at 100-150 Mya (11). Allen's results suggest that one should find an even higher number of differences between pine and Arabidopsis. We find a somewhat higher frequency of homologs. Among the no-hit to Arabidopsis category, we found many proteins recognizable as arabinogalactan proteins, which may evolve under selection for structural motifs. Therefore, the number of differences between taxa can be more or less under different criteria for homology.
Our study focused on pine EST contigs containing long high-quality sequences to maximize the possibility that they would extend into coding regions. For Ͻ10% of these contigs above 1,000 bp, no Arabidopsis homolog was found at a BLASTX E-value cutoff of 10
Ϫ10
. For the other 90%, the regions of similarity are typically distributed over long regions of coding sequence, providing confidence in these homologies. However, even if most loblolly pine genes have a homolog in Arabidopsis, it does not mean that loblolly pine and Arabidopsis have nearly the same number of genes. One or the other species could have very different numbers of genes within homologous gene families. For the tissues we sampled, we did not observe a higher level of gene-content diversity within families for loblolly pine, despite the 160-fold difference in genome size. Certainly, many loblolly pine genes have not been found yet. The samples of pine tissues used for this study were limited to wood-forming tissues specialized for secondary wall biosynthesis and programmed cell death.
In microbes and eukaryotes, many genes retain regions of sequence conservation over 1 billion years of evolution, whereas other genes show no apparent relationship. Many of the differences between closely related taxa may turn out to be simply artifacts of annotation or other methodological limitations of either genomic or EST sequencing. For example, rice (Oryza sativa L.) and Arabidopsis last shared a common ancestor Ϸ200 Mya (30) . In the comparison of the rice draft-genome sequence (8, 9) with the genome sequence of Arabidopsis, 81% of the predicted Arabidopsis genes had an apparent homolog in rice, but only 49% of the inferred rice genes had a homolog in Arabidopsis. Most of the 51% ''novel'' genes in rice were not found in EST databases, and although they could be very rarely expressed sequences, Bennetzen (31) suggests that they are more likely to be artifacts of annotation of the rice genome. Some differences may also be due to the rice genome sequence not yet being in ''base-perfect'' form. Given that the apparent homology of EST contigs increases with increased sequence length and quality, more full-length, high-quality cDNA sequences are clearly needed to find meaningful sequence similarity between distant taxa. Evaluation of distant functional relationships also requires full-length cDNA sequences including 5Ј and 3Ј UTRs. UTRs may have important posttranscriptional regulatory functions that are highly conserved (25, 32, 33) .
Low-redundancy genomic sequencing of the first tree species, Populus (34) , is now in progress. Obtaining the full genome sequence of loblolly pine, or any of its close relatives, is currently not feasible because of their very large genome sizes. A comparison of pine cDNAs with the genome of a woody angiosperm should provide additional insight into the conservation of gene content and gene regulation in gymnosperms and angiosperms. A comparison of loblolly pine, Populus, and Arabidopsis is also likely to improve our current understanding of the genetic basis of wood formation.
Based on the evolution of the woody and herbaceous growth habits, it is plausible that the genes for wood formation are functionally conserved. Wood is a primitive character, and the herbaceous habit is a derived state for angiosperms (35) . With daily inflorescence pruning, Arabidopsis can grow rosettes up to 7 inches in diameter and produce woody inflorescence stems and roots with detailed anatomy similar to woody dicotyledons (36) (37) (38) (39) . Some woody plants in island floras are derived recently from more-herbaceous founders (40, 41) . The evolution of wood formation per se, or the herbaceous habit, may simply involve the differential regulation of sets of similar genes rather than the evolution of new gene functions. Thus, a common set of genes for woodiness could exist for all seed plants. Although it is plausible that genes involved in wood formation are conserved between plant species, this may not be the case for genes involved in other plant traits, such as flower and cone formation, or in the formation of the many diverse plant secondary products. A more-specific and comprehensive survey of pine genes involved in flowering and other tissues therefore is needed.
